In the chronic active stage of hemorrhagic Bright's disease there are often comparatively long intervals when the amount of functioning kidney tissue decreases very slowly and when there is no marked variation in glomerular permeability. With the patient on a standard regime the urea clearance remains constant, proteinuria fairly so, and blood samples taken under basal conditions with precautions against stasis and effects of posture contain nearly constant percentages of plasma proteins (18) . Under such circumstances, some of the factors governing proteinuria may be studied.
The amount of protein in the urine, as well as its level in the circulating plasma, seems to depend largely upon the nature and severity of injury to the glomerular capillaries (14) . Proteinuria may also be influenced in a moderate degree by the level of protein in the diet (4, 11, 18) . In addition to these factors there are apparently others which induce temporary fluctuations in proteinuria. The observations reported here were made in an effort to clarify the problem further.
Our results support the concept that the quantity of protein lost in the urine is related to the amount of glomerular filtrate formed and to the rate of production of serum proteins.
METHODS
Subjects. The investigations were conducted on four patients with chronic active hemorrhagic Bright's disease. Three of these had served as subjects for previous studies and their medical histories have been summarized elsewhere (18, 19) .
The fourth patient (J. H.) was a married woman of 25 years of age. She had scarlet fever at the age of fourteen. Protein was first discovered in the urine during pregnancy at the age of eighteen. During her twentyfirst year she contracted and received treatment for gonorrhea. Clinical cure of the venereal infection resulted. During her twenty-second and twenty-third years she was ill on several occasions with acute sinusitis. Two months prior to admission her face became swollen, and she was told by a physician that she had Bright's disease.
Her treatment at this time consisted of frequent cathartic doses of epsom salts and a low protein diet. A week before admission edema developed in the lower extremities and gradually extended upward to involve the abdominal wall. Physical examination revealed pallor of the skin and mucous membranes; soft pitting edema of the face, trunk and lower extremities. The systolic blood pressure was 160 mm. of mercury; the diastolic 100 mm. The heart was normal. A careful search for foci of infection was made, but except for scarred tonsils none were found. The blood, at the time of admission contained 3,200,000 erythrocytes and 8,100 leukocytes per cubic millimeter; hemoglobin 9.4 grams; nonprotein nitrogen 32 mgm., and serum proteins 3.3 grams per 100 ml. The albumin: globulin ratio of the serum proteins was 1.3. The concentration of chlorides in the serum was 112 m.eq. per liter; CO2 combining power of the plasma was 59 volumes per cent. The urine contained much protein, many casts, red cells and epithelial cells. It was sterile on culture. An Addis sediment count revealed the presence of 13 million erythrocytes, 4 million epithelial and white blood cells, and 66 thousand casts in a twelve hour specimen. Urea clearance was approximately 40 per cent of the normal average.
The patient was given a diet liberal in calories and proteins. She lost her edema and in three weeks the erythrocytes of the blood had increased to 4,000,000 per cubic millimeter, the hemoglobin to 12.5 grams and the serum proteins to 4 grams per 100 ml. There was no further change in these values throughout the balance of her stay in the hospital. Subsequent examinations of the urine showed no marked change from those noted at the time of admission.
None of the patients on whom this report is based had clinical edema while they were subjects of investigation.
Diets. The diets were prepared, sampled and analyzed in a manner previously described (18) . During the experiments recorded in Tables I, III and IV the patients were allowed three different menus, which varied slightly but had the same caloric and protein content and were given on consecutive days. The patients thus ate the same food every third day. During the experiments recorded in Tables II, V and VI the patients ate exactly the same food each day. No salt was added to the diets during their preparation, and fluid intake was kept constant in each experiment.
Protein supplements were given in powdered form. Liver protein was prepared as previously described (18) . Egg white was boiled, then minced, dehydrated with alcohol, dried in a current of warm air and reduced to 767 Downloaded from http://www.jci.org on May 29, 2017 . https://doi.org/10.1172/JCI100902 powder in a ball mill. The kidney protein was prepared from fresh raw beef kidneys, which were washed in running water, then minced, dehydrated, dried and powdered as in the case of egg protein.
Analytical methods. All nitrogen determinations were done in triplicate. The nitrogen content of the diets, the stools and the daily urine was determined by macroKjeldahl. The protein in the urine of Case P. V. in Table I was determined by the method of Kingsbury, Clark, Williams and Post (16) . The protein standards used, ranging from 5 to 100 mgm. per 100 ml., were checked frequently with solutions of known protein content. In all other experiments the protein of the urine was determined by the micro-Kjeldahl method described by Peters and Van Slyke (26) . Serum proteins were determined by the method of Howe (26) . Blood for these determinations was drawn without stasis in the morning about fourteen hours after the previous meal and while the patients were still recumbent. Plasma volumes were determined by the dye method of Keith, Rowntree and Geraghty (17) tion. An additional factor must be taken into consideration in Case P. V. From the twentyfifth to the thirty-sixth days inclusive 60 grams of liver protein replaced an equal amount of beef, veal and fish protein in his diet. The substitution of liver protein led to a further rise in the amount of protein in the urine without a corresponding increase in urea clearance. Data from several sources suggest that this is due to the superiority of liver as a source of protein food from which the body can fabricate plasma protein (18, 29) . Table II shows the extent of variation in the proteinuria of Case L. R. during two days at different levels of protein intake. In each case he had received the same diet and supplement for five previous days. The patient was kept recumbent in bed during these two days to avoid postural effects. Additional experiments of this nature yielded similar results.
Proteinuria was greater while the patient was taking the higher protein diet. At both levels of intake proteinuria increased during the day. Obviously, these variations may have been due to the (27, 32) .
The effect of diuretics Theobromine. It is generally conceded that the xanthine diuretics increase the rate of glomerular filtration. Addis and Drury (1) and Polland (28) found that the urea excretory ratio (urea clearance) was increased by the xanthine diuretics. Schmitz has reviewed the extensive literature on the subject and added further evidence for the validity of the concept (31 Urea has been used as a diuretic for many years, and the mode of its action has been the subject of much investigation and controversy. Gottlieb and Magnus (12) and Fletcher, Henderson and Loewi (10) found evidence of increased renal blood flow after its administration. Henderson and Loewi (13) also obtained evidence of dilution of the blood. Lamy and Mayer (20) found that diuresis occurred without evidence of either of these phenomena. Cushny (8) came to the conclusion that the increase in the amount of urea in the tubules prevented reabsorption of water and that at times this effect was reinforced by increased renal blood flow and increased glomerular filtration resulting from dilution of the blood. These conclusions have been supported by the results different investigators have obtained while working with the urea clearance test. Addis and Watanabe (3) found that the administration of urea often increased the urea clearance above that obtained at normal blood urea levels. Van Slyke, Rhoads, Hiller and Alving (33) studying dogs with explanted kidneys found that the urea clearance was sometimes increased by the administration of urea, more often not. However, the changes in clearance were always found to parallel changes in the renal blood flow. There are several reports in the literature (4, 7) showing that administration of urea results in increased proteinuria, but the mechanism of its action was not ascertained. It seems likely that certain-factors not yet understood, perhaps the amount of water and electrolytes available for mobilization determine dilution of the blood and expansion of its volume and thus lead to increased glomerular filtration.
Urea was administered to Cases R. P. and J. H. for several successive days while they were on a The effect of increasing the volume of the plasma and the level of plasma protein by transfusion The immediate effect of transfusion of plasma protein was found to be an increase in the concentration of protein in the plasma and an increase in plasma volume. The data from such an experiment are recorded in Table V . During a preliminary period of thirty-four days Case R. P. was kept on a constant diet, the protein and caloric content of which was fixed at a level found to be sufficient to permit the daily deposition of a small amount of protein. The patient's activity was limited to walking about his room. When catabolism, proteinuria and protein deposition were all fairly constant (Period 12) he received a transfusion of 783.5 grams of citrated plasma from compatible donors. The actual volume of the transfusion was 771 ml. On analysis the transfusion mixture was found to contain 6.56 grams of protein nitrogen and 0.16 gram of nonprotein nitrogen. Ninety-five ml. of physiological sodium chloride solution were used to wash the plasma from the gravity apparatus into the vein.
Previous to transfusion the concentration of serum proteins was nearly constant at 4.0 to 4.1 grams per cent. The maximum rise after transfusion was noted at the end of 6 hours, when a concentration of 4.68 grams per cent was recorded. Measurement of the plasma volume 21 hours afterward showed an increase about equivalent to the quantity of fluid injected. Proteinuria increased and remained at levels higher than control for fourteen days. At the end of this time, the concentration of serum protein had fallen to the pretransfusion level, and the sum of the daily increments in proteinuria had now slightly exceeded the total amount of transfused protein. The urea clearance rose during the period of increased plasma volume and, it seems logical to infer increased glomerular filtration until the second day after transfusion, when it was found that urea clearance and plasma volume were essentially as in control periods. Increases in proteinuria thereafter were presumably associated with the slight increase in the concentration of plasma protein.
Lag in proteinuria It has been observed that a change from a lower to a higher level of protein in the diet is some- (29) . Falta found considerable lag in excretion of nitrogen following superposition of certain proteins on a control diet (9) . Lag was attributed to deposition of protein in the tissues and subsequent catabolism of it. Table VI shows the effect of adding a large quantity of protein to a standard diet during a single day. Supplementary feedings of egg white, kidney and liver protein were given. In each case the amount of protein fed contained 16 grams of nitrogen. Catabolism of protein, as represented by the nonprotein nitrogen of the urine, was greatest on the day of ingestion of extra protein or on the following day and gradually declined to the control level three or four days later. Any diuretic effect 1 of the protein supplement should have been operative during this interval. As the table indicates, proteinuria was usually at a maximum a day or two following the day on which the maximum excretion of nonprotein nitrogen occurred. After ingestion of liver protein both patients continued to excrete a considerable amount of excess protein in the urine, even when the urinary nonprotein nitrogen had returned to basal values. No evidence of increase in the concentration of serum protein was found, an observation in agreement with previous determinations of plasma proteins during such periods of increased proteinuria (18) . The delay in attainment of maximum proteinuria was similar to that observed when urea was administered. In the absence of sufficiently complete data an hypothesis may be tentatively offered to explain the delayed rise in urinary protein on feeding liver protein and the persistence of this rise after evidence of increased catabolism of protein had disappeared. On feeding urea, it was noted that the full effect on glomerular filtration in terms of proteinuria was not achieved until the second or third day of the experiment. This is probably because time is required for the expansion of plasma volume pre- 1 The term " diuretic effect " as used above is synonymous with increased glomerular filtration.
ceding increased renal blood flow. Furthermore, it has been clearly shown that in dogs undergoing plasmapheresis an increase of protein in the ration increases the formation of plasma protein and that this effect persists for a varying interval of time after the protein supplement has been discontinued (29) . In the present instance both of the aforementioned factors may have been operative. The long delay in reverting to basal conditions is probably due to increased production of plasma protein. When the tissues receive the components of plasma protein, an interval of two or three days may elapse before the synthesis of new protein is completed. Thereafter, it may be picked up slowly by the circulating plasma and escape in the urine. This is equivalent to stating that protein is first deposited in a depot and subsequently given up to the blood.
DISCUSSION
Despite gaps in our knowledge, currently recognized factors give a fairly clear picture of the mechanism of proteinuria. The r6le played by increase in glomerular permeability with resultant fall in the level of plasma proteins, the latter effect in turn leading to a heightened stimulus for the formation of these proteins, has already been discussed (18) . The response to the stimulus leading to production of plasma proteins is partly dependent upon dietary sources and partly upon available stores of protein in the tissues. The amount of protein which can ultimately be contributed to the plasma by the tissues is evidently very large, but the readiness with which the tissues give up protein depends upon the presence of a labile reserve of protein in them. This seems to be but a relatively small fraction of the total protein of an organ or tissue. It may be rapidly depleted when plasma protein is needed and conversely quickly restored under optimal nutritional conditions. This fraction has been thought of in the past as a separate entity or depot, but the work of Luck (22) probably establishes its existence as an integral part of the cellular structure of the body, indistinguishable from other tissue proteins. The existence in the liver of such labile protein has been demonstrated by Addis, Poo and Lew (2) . Replacement of this labile protein or the fact that plasma proteins must pass through the labile protein stage may be responsible for the lag in their appearance in the urine under favorable nutritional conditions. Data in Table VI suggest that protein may at times be temporarily retained in the labile fraction during the process of being converted into circulating plasma protein.
The balance of the protein of the body seems to be more firmly bound. Even large additions to tissue and organ proteins do not seem to influence the concentration of plasma proteins nor proteinuria (18) . Yet a small addition to labile stores is reflected in an increased proteinuria, presumably through the medium of increase in the rate of formation of plasma proteins. When the store is exhausted, proteinuria returns to its previous level.
The rate of glomerular filtration has a definite influence on the magnitude of proteinuria. Variations in the rate of filtration may be brought about by changes in protein intake or by other changes in protein metabolism which Pitts (27) has found to be intimately associated with changes in renal activity. In the experiments in this paper, variations in the rate of glomerular filtration were produced by diuretic substances, by increasing the volume of blood and by changing the protein content of the diet. It is only by the use of diuretics that one may clearly separate the effect of changes in the rate of glomerular filtration from other factors which tend to change proteinuria. We have used the urea clearance as evidence of change in rate of filtration. While this clearance does not give an absolute measure of the amount of glomerular filtrate formed, it is safe to state that changes in urea clearance in any one individual are accompanied by changes in glomerular filtration in the same direction (32) . Van Slyke, Rhoads, Hiller and Alving (33) found that changes in urea clearance were accompanied by parallel changes in renal blood flow. Bing (6) and Berglund and coworkers (4) have measured proteinuria in combination with creatinine clearance. The results were similar to ours.
Employment of a method giving a true measure of the amount of glomerular filtrate formed and simultaneous measurements of proteinuria would be necessary to establish the exact relationship between the two. Even then it is doubtful if one could expect more than qualitative changes in the same direction. Proteinuria varying in a manner exactly proportional to the amount of filtrate would require that increase in permeability take place by uniform enlargement of the pores in the filtering membrane. As Richards et al. (30) have pointed out, it is likely that damage results in the formation of abnormal pores of varying size scattered throughout the glomeruli. These permit the escape of minute amounts of serum as well as occasional erythrocytes. Such irregularity of damage could explain the minor variations in proteinuria we have found from day to day in patients on a uniform regime, as well as the lack of uniformity in daily albumin: globulin ratios of the urinary proteins.
The preceding discussion does not include the possibility, suggested by Ekehorn (34), of serum protein being reabsorbed by the tubular epithelium. He advanced this possibility because smaller amounts of protein were found in the bladder urine of certain animals than could be explained from its concentration in the glomerular filtrate when the latter was obtained by direct puncture of the glomerular capsule. He assumed that the protein concentration of the particular glomerulus was representative of that in all the glomeruli of the kidney, a doubtful assumption under the conditions. Reabsorption of hemoglobin in the tubules has also been suggested by several investigators (34, 35) . The basis for this suggestion was the finding of iron staining pigment in the tubule cells of patients with hemoglobinuria or animals which had been given hemoglobin intravenously. The splitting of the hemoglobin in the lumina of the tubules and subsequent absorption of the pigment derivative is equally likely, especially since some of the iron staining pigment has usually been found in the tubular lumina as well as in the epithelial cells. 
